P19 embryonal carcinoma cells: a suitable model system for cardiac electrophysiological differentiation at the molecular and functional level.
Murine P19 embryonal carcinoma (EC) cells can differentiate into spontaneously beating cardiomyocytes in vitro and have revealed important insight into the early molecular processes of cardiomyocyte differentiation. We assessed the suitability of the P19 cell model for studying cardiac ion channel regulation at the molecular and functional level. P19 cells were induced to differentiate towards cardiomyocytes. mRNAs for cardiac markers and ion channels were determined by RT-PCR at six timepoints during the differentiation process. Action potentials and individual ion currents were measured by whole cell patch clamp. Ion channel mRNA expression of several channels is temporally regulated during differentiation, while others show little or no regulation. L-type calcium and transient outward channels are expressed from very early on, while sodium and delayed and inward rectifier channels are upregulated at somewhat later stages during differentiation, which mirrors the in vivo murine cardiomyocyte differentiation during embryogenesis. Spontaneous cardiomyocyte action potentials exhibit a low upstroke velocity, which often can be enhanced by hyperpolarizing the cells, hence activating thusfar dormant ion channels to contribute to the action potential upstroke. Action potential duration decreases considerably during the differentiation of spontaneously beating cells. In late stages, non-beating myocytes can be found which only generate action potentials upon electrical stimulation. Their shape is comparable to neonatal/juvenile ventricular mouse myocytes in culture. Finally, we show that P19-derived cardiomyocytes display a very complete set of functional ion channels. P19 cells represent a powerful model to study the regulation of myocardial electrophysiological differentiation at the molecular and functional level.